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Description 

METHOD FOR PCI EXPRESS POWER 
MANAGEMENT USING A PCI PM 
MECHANISM IN A COMPUTER SYSTEM 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The present invention relates to a method for power man- 
agement in a computer system, and more particularly, to a 
method for PCI (Peripheral Component Interconnect) Ex- 
press PM (Power Management) using a PCI PM mechanism 
in a computer system. 

[0003] 2. Description of the Prior Art 

[0004] According to the PCI (Peripheral Component Interconnect) 
Express specification for power management of a com- 
puter system, a device can use a PM_PME packet (a packet 
of the Transaction Layer) to request the computer system 
to generate an interrupt to awaken a computer system 
from a non-working mode (such as a standby mode or a 



sleeping mode). The PCI Express interrupt is similar to the 
PME (Power Management Event) interrupt defined by the 
PCI specification. Through the interrupt defined by the PCI 
Express specification, the computer system is not only PCI 
Express-compliant but also PCI-compliant. 
[0005] it is expensive to include a PCI Express awakening mecha- 
nism, which is similar to a well-known PCI PME controller, 
when needed to implement a computer system complying 
with both the PCI Express specification and the PCI speci- 
fication. Moreover, some software and hardware conflicts 
(such as conflicting ACPI event reports and conflicting 
power-on sequences) between the PCI Express specifica- 
tion and the PCI specification exist if original microchips 
are used for reducing the production cost. Therefore, a 
cost-effective method is needed to handle the power 

management of the computer system. 
Summary of Invention 

[0006] it is therefore a primary objective of the claimed invention 
to provide a method for PCI (Peripheral Component Inter- 
connect) Express PM (Power Management) to solve the 
above-mentioned problem. 

[0007] According to the claimed invention, provided is a device 
and method for PCI Express PM to use a PCI PM mecha- 



nism in a computer system having a PCI PME (Power Man- 
agement Event) controller and a PCI Express Root Com- 
plex.The method includes converting a plurality of 
PM_PME packets generated by the PCI Express Root Com- 
plex into a Pseudo-PME signal.The first PM_PME packet 
asserts the Pseudo-PME signal so that a voltage of 
Pseudo-PME signal changes from a high level to a low 
level.The claimed invention further provides a Pseudo- 
PME line electrically connected with a PME input of the PCI 
PME controller and the PCI Express Root Complex for 
transmitting the Pseudo-PME signal to the PCI PME con- 
troller.The PCI PME may have an event register for report- 
ing the PME to the computer system that is set by the 
Pseudo-PME signal. The PME input receives PME signals 
generated by PCI-compliant devices through a PCI Bus of 
the computer system. Additionally, the disclosure includes 
de-asserting the Pseudo-PME signal so that the voltage of 
the Pseudo-PME signal changes from the low level to the 
high level. The de-assertion of the Pseudo-PME signal fol- 
lows the assertion of the Pseudo-PME signal by a prede- 
termined time interval. A driver program resident in a 
memory of the computer system may be executed by the 
computer system to clear the event register when the 



Pseudo-PME signal changes from the low level to the high 
level. Both the high level and the low level of the voltage 
of the Pseudo-PME signal are PCI-compliant. 

[0008] it is an advantage of the claimed invention that a PCI Ex- 
press awakening mechanism is not needed to implement a 
computer system complying with both the PCI Express 
specification and the PCI specification so that related 
costs are reduced. Moreover, original microchips can be 
used to reduce the related costs. Furthermore, the soft- 
ware and hardware conflicts (such as the conflicting ACPI 
event reports and the conflicting power-on sequences) 
between the PCI Express specification and the PCI specifi- 
cation are eliminated, as there is no second awakening 
mechanism according to the present invention. 

[0009] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 



[0010] pig.l is a flowchart diagram of a method for PCI Ex- 

pressPower Management using a PCI PM mechanism in a 
computer system according to the present invention. 



[0011] Fig. 2 is a parabolic block diagram of related elements of 

the computer system of Fig.l. 
Detailed Description 

[0012] According to the PCI Express specification for power man- 
agement of a computer system, a device can use a 
PM_PME packet (a packet of the Transaction Layer) to re- 
quest a computer system to generate an interrupt to 
awaken the computer system from a non-working mode 
(such as a standby mode or a sleeping mode). The PCI Ex- 
press interrupt is similar to the PME (Power Management 
Event) interrupt defined by the PCI specification. 

[0013] | n brief, after a device register of a PCI Express-compliant 
device is set, a plurality of PM_PME packets are generated 
intermittently to notify the computer system to take action 
on the PME until the computer system clears the device 
register. The present invention method transforms the 
PM_PME packets of the PCI Express specification into a 
signal similar to a PME signal of the PCI specification so 
that a PCI PM (Power Management) mechanism is trig- 
gered to take action. 

[0014] please refer to Fig.l showing a flowchart diagram of a 

method for PCI Express PM to use a PCI PM mechanism in 
a computer system according to the present invention. 



The computer system includes a PCI PME controller, which 
is a chipset of the computer system handling PCI- 
compliant devices well-known in the prior art, and a PCI 
Express Root Complex, which is a PCI Express-compliant 
intermediate element handling PCI Express-compliant de- 
vices. The method is described as follows while the order 
of steps is not limiting. 

[0015] step 10:Provide a sequential circuit, such as a latch or a 
flip-flop, in the PCI Express Root Complex. 

[0016] step 20:Convert a plurality of PM_PME packets generated 
by the PCI Express Root Complex into a Pseudo-PME sig- 
nal with the sequential circuit, the first PM.PME packet of 
the plurality of PM_PME packets asserting the Pseudo-PME 
signal so that a voltage of Pseudo-PME signal changes 
from a high level to a low level. 

[0017] Step 30:Provide a Pseudo-PME line electrically connected 
to a PME input of the PCI PME controller and the PCI Ex- 
press Root Complex for transmitting the Pseudo-PME sig- 
nal generated by the sequential circuit of the PCI Express 
Root Complex to the PCI PME controller.The PME input re- 
ceives PME signals generated by PCI-compliant devices 
through a PCI Bus of the computer system. 

[0018] step 40:Provide a timer to control a time interval between 



asserting and de-asserting the Pseudo-PME signal. 

[0019] step 50:De-assert the Pseudo-PME signal so that the volt- 
age of the Pseudo-PME signal changes from the low level 
to the high level. The de-assertion of the Pseudo-PME 
signal follows the assertion of the Pseudo-PME signal by a 
predetermined time interval. 

[0020] step 60:Clear the event register with a program stored in 
a memory of the computer system, such as a device 
driver. 

[0021] The high level and the low level of the voltage of the 

Pseudo-PME signal mentioned above are PCI-compliant so 
that the PCI PME controller treats the Pseudo-PME signal 
as a normal PME signal. Without a definition in the PCI 
specification, the PCI PME controller usually includes an 
event register (for reporting the PME to the computer sys- 
tem) that can be set by the PCI PME controller when the 
Pseudo-PME signal (or a PME signal) is asserted but can- 
not be cleared when the Pseudo-PME signal is de- 
asserted. Step 60 will solve the problem of inability to- 
clearthe event register of a computer system using the 
above-mentioned architecture. 

[0022] please refer to Fig. 2 showing a parabolic block diagram of 
related elements of the computer system of Fig.l. The 



PME#, the Pseudo-PME#, the PCI PME#, and the PCI PME# 
Controller shown in Fig. 2 are the above mentioned PME 
input, the above mentioned Pseudo-PME line, the line for 
receiving the above mentioned PME signals, and the above 
mentioned PCI PME controller respectively. 

[0023] Another embodiment of the present invention is described 
as follows. The timer mentioned above is not the only way 
to control the time interval between asserting and de- 
asserting the Pseudo-PME signal. This embodiment fur- 
ther comprises converting a pulse of a PM_PME packet of 
the plurality of PM_PME packets into a lower frequency 
pulse to control the time interval between asserting and 
de-asserting the Pseudo-PME signal. According to 
thisembodiment, a synchronizer is provided to convert the 
pulse of the PM.PME packet of the plurality of PM.PME 
packets into the lower frequency pulse. When the lower 
frequency pulse is an active-low pulse, it may be used as 
the Pseudo-PME signal in the computer system. 

[0024] The above-mentioned embodiment is useful under the 
condition of the plurality of PM_PME packets being de- 
signed to work at a relatively high frequency so that the 
sequential circuit cannot be triggered by the pulse. In this 
situation, the above mentioned variation can make the 



pulse-width of the pulse long enough to trigger the se- 
quential circuit. 
[0025] please refer to Fig. 2 again. While the above mentioned 
method is provided, the present invention correspond- 
ingly provides a computer system 200 comprisinga PCI 
Express Root Complex 210 for generating a plurality of 
PM_PME packets and a sequential circuit212 electrically 
connected to the PCI Express Root Complex 210 for con- 
verting the plurality of PM_PME packets into a Pseudo-PME 
signal. The computer system 200 further comprises a PCI 
PME controller250 comprising an event register 252.The 
event register 252 reports apower management event to 
the computer system 200. Further provided in the com- 
puter system 200 is a Pseudo-PME line (the Pseudo-PME# 
shown in Fig. 2) electrically connecting anoutput of the se- 
quential circuit 212 to a PME input of the PCI PME con- 
troller 250.The event register 252 is set when the Pseudo- 
PME signal changes from afirst level to asecond 
level. Further provided in the computer system 200 is a 
memory 254 comprising computer code executed by the 
computer system 200 when voltage of the Pseudo-PME 
signal changes from the second level to the first level.The 
computer code is capable of clearing the event register 



252.The first level and the second level of the voltage of 
the Pseudo-PME signal mentioned above are PCI- 
compliant. The computer system 200 further comprises a 
timer 214 connected to the sequential circuit 212 to con- 
trol when voltage of the Pseudo-PME signal is changed 
from thesecond level to thefirst level. 

[0026] Although in Fig. 2 the timer 214 and the sequential circuit 
212 are shown within the PCI Express Root Complex 210, 
this is a choice of design. Those skilled in the art can ei- 
ther implement the timer 214 and the sequential circuit 
212 inside or outside the PCI Express Root Complex 210. 

[0027] | n contrast to the prior art, a PCI Express awakening 

mechanism is not needed to implement a computer sys- 
tem including both the PCI Express specification and the 
PCI specification so that related costs are reduced. More- 
over, original microchips can be used to reduce the re- 
lated costs while the software and hardware conflicts aris- 
ing due to differences between the PCI Express specifica- 
tion and the PCI specification are eliminated as there is no 
second awakening mechanism in the present invention. 

[0028] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 



ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



